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POSITIONAL INFORMATION DISPLAY
DEVICE, POSITIONAL INFORMATION
DISPLAY METHOD, POSITIONAL
INFORMATION DISPLAY PROGRAM, AND
RADIOGRAPHY APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C. §
119 to Japanese Patent Application No. 2019-060369 filed
on Mar. 27, 2019. The above application is hereby expressly
incorporated by reference, in its entirety, into the present
application.

BACKGROUND
Technical Filed

The present disclosure relates to a positional information
display device, a positional information display method, a
positional information display program, and a radiography
apparatus.

Related Art

In surgical operations and catheter treatments, it is nec-
essary to understand the positional relationship between
surgical instruments and human body structures such as
bones and blood vessels. However, in the related art, in
many cases, the understanding of the positional relationship
between a surgical instrument and a human body structure
depends on the experience and intuition of a doctor and there
are problems of an error in the insertion of the surgical
instrument and excessive surgery time. For this reason, a
process is performed which captures an image of a subject
using a radioscopy apparatus during surgery and under-
stands the positional relationship between a surgical instru-
ment and a human body structure using a radioscopic image
displayed on a display by imaging. However, while a
three-dimensional positional relationship is established
between the surgical instrument and the human body struc-
ture, the radioscopic image is a two-dimensional image. It is
difficult for the user to understand the three-dimensional
positional relationship between the surgical instrument and
the human body structure even in a case in which the user
views the two-dimensional radioscopic image.

For this reason, a process is performed which understands
a three-dimensional positional relationship between a sur-
gical instrument and a human body structure, using radio-
scopic images in a plurality of directions acquired by
capturing the images of a patient as a subject while changing
an angle during a medical procedure or by using a plurality
of imaging apparatuses at the same time. In addition, a
method has been proposed in which a sensor is attached to
a surgical instrument to understand the three-dimensional
position of the surgical instrument.

However, in a case in which an image of a subject is
captured while the angle is changed, it is necessary to move
the imaging apparatus during a medical procedure. In addi-
tion, in a case in which a plurality of imaging apparatuses are
used at the same time, it is not necessary to move the
imaging apparatuses, but a work space for the doctor during
surgery is reduced, which may hinder the procedure. Further,
in the method using a sensor, it is necessary to prepare a
sensor.
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For this reason, a method has been proposed which aligns
a three-dimensional image that is formed by a plurality of
tomographic images acquired in advance by, for example, a
computed tomography (CT) apparatus and a magnetic reso-
nance imaging (MRI) apparatus and a two-dimensional
radiographic image obtained by capturing an image of a
leading end of a catheter to synchronize the radiographic
image with the tomographic image including the position of
the leading end of the catheter in the three-dimensional
image and updates and displays the images (see JP2013-
066802A). According to the method described in JP2013-
066802A, the doctor can check the position of the leading
end of the catheter in the subject by viewing the tomographic
image. Therefore, it is possible to easily perform a medical
procedure.

In surgical operations and catheter treatments, it is nec-
essary to understand the positional relationship between a
surgical instrument and a human body structure in real time.
However, in the method described in JP2013-066802A, the
processing time for aligning the three-dimensional image
and the radiographic image is required. In recent years, since
the resolution and density resolution of radiographic images
have improved, the amount of image data indicating a
three-dimensional image and a radiographic image has
become very large. Time is required for a process to align the
three-dimensional image and the radiographic image having
a large amount of data. For this reason, in the method
described in JP2013-066802A, it is difficult to understand
the position between the surgical instrument and the human
body structure in the subject and the positional relationship
therebetween in real time.

SUMMARY OF THE INVENTION

The present disclosure has been made in view of the
above-mentioned problems and an object of the present
disclosure is to provide a technique that enables a user to
understand a positional relationship between a structure
inserted into a subject, such as a surgical instrument, and a
target structure in the subject in real time.

According to the present disclosure, there is provided a
positional information display device comprising: a first
positional information derivation unit that derives three-
dimensional positional information of at least one target
point of a target structure in a subject as first positional
information; a second positional information derivation unit
that derives three-dimensional positional information of at
least one feature point on an insertion structure inserted to
the target structure in the subject as second positional
information; and a display control unit that displays a
positional information screen indicating a positional rela-
tionship between the target point and the feature point on a
display unit.

The positional information display device according to
the present disclosure may further comprise: an image
acquisition unit that acquires a radiographic image set
including a plurality of radiographic images, which have
been generated by alternately irradiating the subject with
radiation emitted from a plurality of radiation sources pro-
vided at different positions and alternately detecting the
radiation transmitted through the subject using one detection
unit, at a predetermined time interval; and a feature point
detection unit that detects the feature point on the insertion
structure in the subject from each of the plurality of radio-
graphic images included in the radiographic image set. The
second positional information derivation unit may derive the
second positional information using a positional relationship
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between a position of the feature point detected from each of
the plurality of radiographic images on a detection surface of
the detection unit and positions of the plurality of radiation
sources.

The “predetermined time interval” means, for example, a
time interval corresponding to the frame rate of a moving
image. The predetermined time interval may be, for
example, 25 to 60 fps. As a result, in the present disclosure,
a combination of radiographic images, such as a moving
image, is acquired. In addition, all of the plurality of
radiographic images may be acquired at the same time
interval or the plurality of radiographic images may be
acquired at different time intervals.

In the positional information display device according to
the present disclosure, the display control unit may display
the positional information screen including a radiographic
image display region in which some of the plurality of
radiographic images are displayed and a positional relation-
ship display region in which the positional relationship is
displayed on the display unit.

The term “some of the radiographic images” means
radiographic images acquired on the basis of the transition
of radiation emitted from one of the plurality of radiation
sources.

The positional information display device according to
the present disclosure may further comprise a notification
unit that notifies that the feature point has reached the target
point.

In the positional information display device according to
the present disclosure, the notification unit may issue a
warning in a case in which the feature point deviates from
the target point by a predetermined distance or angle.

In the positional information display device according to
the present disclosure, the insertion structure may be a
surgical instrument that is inserted into the subject.

In the positional information display device according to
the present disclosure, the target structure may be a stent that
is inserted into a blood vessel of the subject. The target point
may be a center position of an end portion of the stent. The
insertion structure may be a guide wire for expanding the
stent. The feature point may be a leading end of the guide
wire.

In the positional information display device according to
the present disclosure, the target structure may be a lumbar
spine of the subject. The target point may be at least one of
an insertion position or an arrival position of a screw that is
inserted into the lumbar spine. The insertion structure may
be the screw. The feature point may be at least one of a
leading end or a rear end of the screw.

According to the present disclosure, there is provided a
radiography apparatus comprising: a plurality of radiation
sources that are provided at a predetermined interval; a
detection unit that is provided so as to face the plurality of
radiation sources, detects radiation which has been emitted
from each of the plurality of radiation sources and trans-
mitted through a subject, and generates a radiographic image
of the subject; an imaging control unit that generates a
radiographic image set including a plurality of radiographic
images at a predetermined time interval by controlling a
time point when each of the plurality of radiation sources
emits the radiation and a time point when the detection unit
detects the radiation transmitted through the subject such
that the plurality of radiation sources alternately irradiate the
subject with the radiation and the detection unit alternately
detects the radiation transmitted through the subject; and the
positional information display device according to the pres-
ent disclosure.
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In the radiography apparatus according to the present
disclosure, the number of radiation sources may be 2.

In the radiography apparatus according to the present
disclosure, the imaging control unit may direct one of the
two radiation sources to sequentially emit radiation at a first
time interval, direct the other radiation source to sequen-
tially emit radiation at a second time interval equal to or
longer than the first time interval, and control the detection
unit so as to detect the radiation at all time points when the
two radiation sources emit the radiation. The image acqui-
sition unit may acquire, as the radiographic image set, two
radiographic images generated by detecting two temporally
adjacent radiations which have been emitted from the two
radiation sources using the detection unit.

The term “being equal to or longer than the first time
interval” means being equal to the first time interval and
being longer than the first time interval.

According to the present disclosure, there is provided a
positional information display method comprising: deriving
three-dimensional positional information of at least one
target point of a target structure in a subject as first positional
information; deriving three-dimensional positional informa-
tion of at least one feature point on an insertion structure
inserted to the target structure in the subject as second
positional information; and displaying a positional informa-
tion screen indicating a positional relationship between the
target point and the feature point on a display unit.

In addition, a program that causes a computer to perform
the positional information display method according to the
present disclosure may be provided.

According to the present disclosure, there is provided
another positional information display device comprising a
memory that stores commands to be executed by a computer
and a processor that is configured to execute the stored
commands. The processor performs a process of deriving
three-dimensional positional information of at least one
target point of a target structure in a subject as first positional
information, a process of deriving three-dimensional posi-
tional information of at least one feature point on an inser-
tion structure inserted to the target structure in the subject as
second positional information, and a process of displaying a
positional information screen indicating a positional rela-
tionship between the target point and the feature point on a
display unit.

According to the present disclosure, it is possible to
understand the positional relationship between the target
structure and the insertion structure in the subject in real
time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating the con-
figuration of a radiography apparatus to which a positional
information display device according to an embodiment of
the present disclosure is applied.

FIG. 2 is a diagram schematically illustrating the con-
figuration of a radiation emitting unit.

FIG. 3 is a diagram schematically illustrating the con-
figuration of the positional information display device
implemented by installing a positional information display
program in a computer in this embodiment.

FIG. 4 is a diagram illustrating the time point when first
and second radiation sources emit radiation and the time
point when a radiation detector detects radiation.

FIG. 5 is a diagram illustrating a radioscopic image
displayed in a case in which a catheter treatment is per-
formed.
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FIG. 6 is a diagram illustrating a state in which there is a
difference between the positions of a stent and a guide wire.

FIG. 7 is a diagram illustrating lumbar spine fusion.

FIG. 8 is a diagram illustrating the derivation of three-
dimensional positional information of a feature point.

FIG. 9 is a diagram illustrating imaging in two directions.

FIG. 10 is a diagram illustrating radiographic images
acquired by imaging in two directions.

FIG. 11 is a diagram illustrating projection images in two
directions generated from a three-dimensional image.

FIG. 12 is a diagram illustrating radiographic images
acquired by imaging in two directions.

FIG. 13 is a diagram illustrating a positional information
screen in the case of a catheter treatment.

FIG. 14 is a diagram illustrating a positional information
screen in the case of lumbar spine fusion.

FIG. 15 is a flowchart illustrating a process performed in
this embodiment.

FIG. 16 is a diagram illustrating the time point when the
first and second radiation sources emit radiation and the time
point when the radiation detector detects radiation.

DETAILED DESCRIPTION

Hereinafter, an embodiment of the present disclosure will
be described with reference to the drawings. FIG. 1 is a
diagram schematically illustrating the configuration of a
radiography apparatus to which a positional information
display device according to the embodiment of the present
disclosure is applied. The radiography apparatus according
to this embodiment acquires and displays a radioscopic
image of a subject H as a moving image in a case in which,
for example, a surgical operation and a catheter treatment
are performed on the subject H.

In this embodiment, it is assumed that the x-axis is set as
the left-right direction of FIG. 1, the y-axis is set as the depth
direction of FIG. 1, and the z-axis is set as a direction
perpendicular to the plane on which the radiography appa-
ratus 1 illustrated in FIG. 1 is placed.

As illustrated in FIG. 1, the radiography apparatus 1
according to this embodiment comprises a C-arm 2. An
imaging unit 3 is attached to one end portion of the C-arm
2 and a radiation emitting unit 4 is attached to the other end
portion so as to face the imaging unit 3.

A radiation detector 5, such as a flat panel detector, is
provided in the imaging unit 3. The radiation detector 5
corresponds to a detection unit according to the present
disclosure. In addition, for example, a circuit substrate
provided with a charge amplifier that converts a charge
signal read from the radiation detector 5 into a voltage
signal, a correlated double sampling circuit that samples the
voltage signal output from the charge amplifier, an analog-
to-digital (AD) conversion unit that converts the voltage
signal into a digital signal, and the like is provided in the
imaging unit 3. In this embodiment, the radiation detector 5
is used. However, the detector is not limited to the radiation
detector 5 as long as it can detect radiation and convert the
radiation into an image. For example, a detection device,
such as an image intensifier, may be used.

The radiation detector 5 can repeatedly perform the
recording and reading of a radiographic image and may be
a so-called direct-type radiation detector that directly con-
verts radiation, such as X-rays, into charge or a so-called
indirect-type radiation detector that converts radiation into
visible light and then converts the visible light into a charge
signal. In addition, it is preferable that a so-called TFT
reading method which turns on and off a thin film transistor
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(TFT) switch to read a radiographic image signal or a
so-called optical reading method which emits reading light
to read a radiographic image signal is used as a radiographic
image signal reading method. However, the invention is not
limited thereto and other reading methods may be used.

FIG. 2 is a diagram schematically illustrating the con-
figuration of the radiation emitting unit 4. As illustrated in
FIG. 2, a first radiation source 6A and a second radiation
source 6B are provided in the radiation emitting unit 4. The
first and second radiation sources 6A and 6B are arranged
side by side at a predetermined interval in the depth direction
(that is, the y-axis direction) of FIG. 1. First and second
radiations R1 and R2 emitted from the first and second
radiation sources 6A and 6B are emitted to the imaging unit
3 through first and second emission portions 4A and 4B,
respectively.

The first and second radiation sources 6A and 6B emit
X-rays as radiation and an imaging control unit 14 which
will be described below controls the time point when the first
and second radiation sources 6A and 6B emit radiation and
the time point when the radiation detector 5 detects the first
and second radiations R1 and R2. In addition, for example,
the imaging control unit 14 controls the radiation generation
conditions of the first and second radiation sources 6A and
6B, that is, the selection of a target and a filter material, a
tube voltage, and an irradiation time.

In the radiography apparatus 1 according to this embodi-
ment, a so-called source image distance (SID) which is a
distance between a detection surface 5A of the radiation
detector 5 and the first and second radiation sources 6A and
6B of the radiation emitting unit 4 is a fixed value.

The C-arm 2 according to this embodiment is held by a
C-arm holding portion 7 such that the C-arm 2 can be moved
in the direction of an arrow A illustrated in FIG. 1 and the
angle of the imaging unit 3 and the radiation emitting unit 4
with respect to the z direction (vertical direction) illustrated
in FIG. 1 can be integrally changed. Further, the C-arm
holding portion 7 has a shaft portion 8 and the shaft portion
8 connects the C-arm 2 to a bearing 9 so as to be rotatable.
Therefore, the C-arm 2 is rotatable on the shaft portion 8 as
a rotation axis in the direction of an arrow B illustrated in
FIG. 1.

In addition, as illustrated in FIG. 1, the radiography
apparatus 1 according to this embodiment comprises a main
body unit 10. The main body unit 10 has a plurality of
wheels 11 attached to the bottom. Therefore, the radiography
apparatus 1 according to this embodiment can be moved. A
support shaft 12 that expands and contracts in the z-axis
direction of FIG. 1 is provided in an upper part of a housing
of the main body unit 10 in FIG. 1. The bearing 9 is held
above the support shaft 12 so as to be movable in the
direction of an arrow C.

Since the radiography apparatus 1 according to this
embodiment has the above-mentioned configuration, the
subject H who lies in a supine position on the imaging table
40 is irradiated with radiation from the lower side of the
subject H and the radiation detector 5 of the imaging unit 3
detects the radiation transmitted through the subject H to
acquire a radiographic image of the subject H. Here, the
C-arm 2 is movable in the direction of the arrow A, the
direction of the arrow B, and the direction of the arrow C and
the radiography apparatus 1 is movable by the wheels 11.
Therefore, the radiography apparatus 1 according to this
embodiment can capture an image of a desired part of the
subject H who lies in a supine position on the imaging table
40 in a desired direction.
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The main body unit 10 is provided with an interface (I/F)
unit 13, the imaging control unit 14, and a positional
information display device 15 according to this embodi-
ment.

The I/F unit 13 has a function of performing wireless or
wired communication with an external apparatus and a
console that controls the overall operation related to the
capture of a radiographic image by the radiography appa-
ratus 1 (which are not illustrated). The radiography appara-
tus 1 according to this embodiment captures an image of the
subject H on the basis of an imaging command received
from the console through the I/F unit 13.

The imaging control unit 14 directs the first and second
radiation sources 6A and 6B of the radiation emitting unit 4
to emit the first and second radiations R1 and R2 on the basis
of the imaging conditions associated with an imaging com-
mand from the console, respectively. In addition, the imag-
ing control unit 14 directs the radiation detector 5 of the
imaging unit 3 to detect the first and second radiations R1
and R2 transmitted through the subject H according to the
time point when the first and second radiations R1 and R2
are emitted from the first and second radiation sources 6A
and 6B, respectively, and generates first and second radio-
graphic images G1 and G2 of the subject H. The generated
first and second radiographic images G1 and G2 are output
to the main body unit 10. The time point when the first and
second radiations R1 and R2 are emitted from the first and
second radiation sources 6A and 6B, respectively, and the
time point when the radiation detector 5 detects the first and
second radiations R1 and R2 will be described below.

In addition, a user interface 16 is provided above the main
body unit 10. The user interface 16 has a function by which
a user, such as a technician or a doctor who takes a
radiographic image using the radiography apparatus 1,
inputs a command related to the capture of a radiographic
image, a function which displays a radiographic image
acquired by imaging as a radioscopic image, and a function
which provides information related to the capture of a
radiographic image to the user. A touch panel display is
given an example of the user interface 16.

Next, the positional information display device according
to this embodiment will be described. FIG. 3 is a diagram
schematically illustrating the configuration of the positional
information display device according to this embodiment.
As illustrated in FIG. 3, the positional information display
device 15 is a computer and comprises a central processing
unit (CPU) 21, a memory 22, and a storage 23 as the
configuration of a standard computer.

A positional information display program according to
this embodiment is installed in the positional information
display device 15 according to this embodiment. The posi-
tional information display program is stored in a storage
device of a server computer connected to the network or a
network storage such that it can be accessed from the
outside, is downloaded to the positional information display
device 15 through the I/F unit 13 on demand, and is installed
in the positional information display device 15. Alterna-
tively, the positional information display program is
recorded on a recording medium, such as a digital versatile
disc (DVD) or a compact disc read only memory (CD-
ROM), is distributed, and is installed in the positional
information display device 15 from the recording medium.

The storage 23 is a storage device, such as a hard disk
drive or a solid state drive (SSD), and stores various kinds
of information including the positional information display
program. The radiographic image acquired by imaging is
also stored in the storage 23.
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For example, the programs stored in the storage 23 are
temporarily stored in the memory 22 in order to cause the
CPU 21 to perform various processes. The positional infor-
mation display program defines, as processes performed by
the CPU 21, a first positional information derivation process
that derives three-dimensional positional information of at
least one target point of a target structure in the subject H as
first positional information, an image acquisition process
that acquires a radiographic image set including the first and
second radiographic images G1 and G2 acquired by the
radiography apparatus 1 at a predetermined time interval, a
feature point detection process that detects at least one
common feature point on an insertion structure inserted into
the target structure in the subject H from each of the first and
second radiographic images G1 and G2 included in the
radiographic image set, a second positional information
derivation process that derives three-dimensional positional
information of at least one feature point in the subject H as
second positional information, using a positional relation-
ship between the position of the feature point detected from
the first and second radiographic images G1 and G2 on the
detection surface SA of the radiation detector 5 and the
positions of the first and second radiation sources 6A and
6B, a display control process that displays a positional
information screen indicating a positional relationship
between the target point and the feature point on the user
interface 16, and a notification process that notifies that the
feature point has reached the target point.

Then, the CPU 21 performs these processes according to
the positional information display program such that the
computer functions as the positional information display
device 15 comprising a first positional information deriva-
tion unit 30, an image acquisition unit 31, a feature point
detection unit 32, a second positional information derivation
unit 33, a display control unit 34, and a notification unit 35.

The first positional information derivation unit 30 derives
the three-dimensional positional information of at least one
target point of the target structure in the subject H as the first
positional information. The first positional information deri-
vation unit 30 will be described below.

The image acquisition unit 31 acquires a radiographic
image set including the first and second radiographic images
G1 and G2 of the subject H generated by the control of the
imaging control unit 14 for the first and second radiation
sources 6A and 6B and the radiation detector 5. Next, the
time point when the first and second radiation sources 6A
and 6B emit the first and second radiations R1 and R2 and
the time point when the radiation detector 5 detects the first
and second radiations R1 and R2 will be described. FIG. 4
is a diagram illustrating the time point when the first and
second radiation sources 6A and 6B emit the first and second
radiations R1 and R2 and the time point when the radiation
detector 5 detects the first and second radiations R1 and R2.

FIG. 4 illustrates a time point T1 when the first radiation
source 6A emits the first radiation R1, a time point T2 when
the second radiation source 6B emits the second radiation
R2, and a time point T3 when the radiation detector 5 detects
the first and second radiations R1 and R2. In addition, T4 is
a second positional information derivation time point which
will be described below.

As illustrated in FIG. 4, in a case in which the first
radiation R1 is emitted from the first radiation source 6A, the
radiation detector 5 detects the first radiation R1 transmitted
through the subject H and generates the first radiographic
image G1. In a case in which the radiation detector 5
generates the first radiographic image G1, the second radia-
tion source 6B emits the second radiation R2 and the
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radiation detector 5 detects the second radiation R2 trans-
mitted through the subject H and generates the second
radiographic image G2. In a case in which the radiation
detector 5 generates the second radiographic image G2, the
first radiation source 6A emits the next first radiation R1 and
the radiation detector 5 detects the next first radiation R1
transmitted through the subject H and generates the next first
radiographic image G1. This is repeated to alternately and
repeatedly acquire the first radiographic image G1 and the
second radiographic image G2. The image acquisition unit
31 acquires the first and second radiographic images G1 and
(G2 that are temporally adjacent to each other as the radio-
graphic image set.

The time interval at which the radiation detector 5 gen-
erates the first and second radiographic images G1 and G2
is 25 to 60 fps, for example, 30 fps. In a case in which the
time interval at which the first and second radiographic
images G1 and G2 are generated is 30 fps, the time point
when the first and second radiations R1 and R2 are emitted
from the first and second radiation sources 6A and 6B,
respectively, is 15 fps.

Here, a medical procedure in a case in which a catheter
treatment is performed for the abdominal aneurysm of the
subject H using the radiography apparatus 1 according to
this embodiment will be described. FIG. 5 is a diagram
illustrating a radioscopic image displayed on the user inter-
face 16 in a case in which a catheter treatment is performed.
As illustrated in FIG. 5, in a case in which a catheter
treatment for the abdominal aneurysm is performed, a bifur-
cated stent 51 inserted into a guide wire 52 is inserted into
the aorta 50 from the artery in one groin and one branch 51A
of the stent 51 is expanded by the guide wire 52. Then, an
operation is performed which inserts another guide wire 53
into the aorta 50 from the artery in the other groin and passes
the guide wire 53 through the other branch 51B of the stent
51 to expand the branch 51B of the stent 51. In this case, in
this embodiment, the first radiographic image G1 or the
second radiographic image G2 of the abdominal aneurysm
of the subject H is displayed as a radioscopic image of the
moving image on the user interface 16. The user performs an
operation of passing the guide wire 53 through the branch
51B of the stent 51 while viewing the radioscopic image
displayed on the user interface 16.

Here, the diameter of the branch 51B of the stent 51 is
small and the radioscopic image displayed on the user
interface 16 is a two-dimensional image. Therefore, it is
difficult to know a three-dimensional positional relationship
between an end portion of the branch 51B of the stent 51 and
a leading end 53 A of the guide wire 53. For example, in the
radioscopic image illustrated in FIG. 5, the guide wire 53
seems to be inserted into the branch 51B of the stent 51.
However, in practice, as illustrated in FIG. 6, there is a
possibility that the guide wire 53 will not be inserted into the
branch 51B.

Further, in a case in which lumbar spine fusion is per-
formed, a radiographic image of the front of the subject H
is captured, a screw insertion position is determined, a
radioscopic image of the side of the subject H illustrated in
FIG. 7 is displayed as a moving image, and a screw 55 is
inserted into the lumbar spine 56 while a depth and an angle
are checked. However, since the radioscopic image is a
two-dimensional image, it is difficult to know the insertion
position and insertion angle of the screw 55 and erroneous
insertion is likely to occur. This embodiment has been made
in order to solve these problems.

The feature point detection unit 32 detects at least one
common feature point in the subject H from each of the first
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and second radiographic images G1 and G2 included in the
radiographic image set. For example, in the case of the
catheter treatment, the leading end 53 A of the guide wire 53
included in each of the first and second radiographic images
G1 and G2 is detected as the feature point. The guide wire
53 is an insertion structure according to the present disclo-
sure. In the case of the lumbar spine fusion, a leading end
55A and a rear end 55B of the screw 55 included in each of
the first and second radiographic images G1 and G2 are
detected as the feature points. The screw 55 is the insertion
structure according to the present disclosure. In this embodi-
ment, the feature point detection unit 32 has a learned model
which has been trained so as to detect the feature points in
the first and second radiographic images G1 and G2.

The feature point includes not only one pixel but also a
region having a certain area formed by a plurality of pixels.
For example, the leading end 53A of the guide wire 53, the
leading end 55A of the screw 55, and the rear end 55B of the
screw 55 have a certain area and are included in the feature
points in this embodiment.

The learned model is a neural network that has been
subjected to deep-learning so as to detect the feature points
included in the first and second radiographic images G1 and
G2. The learned model is generated by training a neural
network using a large number of images, in which feature
points have been known, as training data. Therefore, in a
case in which the first and second radiographic images G1
and G2 are input, the feature point detection unit 32 detects
a common feature point from the first and second radio-
graphic images G1 and G2 and outputs the two-dimensional
position coordinates of the detected feature point.

The learned model may be, for example, a support vector
machine (SVM), a convolutional neural network (CNN),
and a recurrent neural network (RNN) in addition to the
neural network subjected to deep learning.

In this embodiment, the feature point detection unit 32
detects the feature points using the learned model. However,
the invention is not limited thereto. For example, any
method, such as a method for detecting the feature points
included in the first and second radiographic images G1 and
(G2 using template matching, may be used as a method for
detecting the feature points.

The second positional information derivation unit 33
derives the three-dimensional positional information of the
feature point in the subject H as second positional informa-
tion, using the positional relationship between the position
of the feature point detected from the first and second
radiographic images G1 and G2 on the detection surface 5A
of the radiation detector 5 and the positions of the first and
second radiation sources 6A and 6B. FIG. 8 is a diagram
illustrating the derivation of the three-dimensional posi-
tional information of the feature point. The second positional
information derivation unit 33 acquires the information of a
radiation source position S1 (sx1, syl, szl) of the first
radiation source 6 A, a radiation source position S2 (sx2, sy2,
s72) of the second radiation source 6B, a position D1 (dx1,
dyl, dz1) of the feature point detected in the first radio-
graphic image G1, and a position D2 (dx2, dy2, dz2) of the
feature point detected in the second radiographic image G2
illustrated in FIG. 8.

In a case in which a coordinate system having, as the
origin, any position on the C-arm 2 of the radiography
apparatus 1 is set, the three-dimensional coordinates (sx1,
syl, sz1) of the radiation source position S1 and the three-
dimensional coordinates (sx2, sy2, sz2) of the radiation
source position S2 can be derived on the basis of the
positional relationship between the origin and the first and
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second radiation sources 6A and 6B. For example, in this
embodiment, a coordinate system having, as the origin, a
point that bisects a line connecting the centers of the first and
second emission portions 4A and 4B of the radiation emit-
ting unit 4 can be set.

Since the SID is known, it is possible to derive the
three-dimensional coordinates of the center position of the
detection surface 5A of the radiation detector 5 with respect
to the origin. In addition, it is possible to derive the three-
dimensional coordinates of the positions D1 and D2 of the
feature point from the two-dimensional position coordinates
of the feature point in the first and second radiographic
images G1 and G2 detected by the feature point detection
unit 32, using the three-dimensional coordinates of the
center position of the detection surface 5A of the radiation
detector 5.

The second positional information derivation unit 33 sets
a straight line [.1 connecting the radiation source position S1
and the position D1 of the feature point and a straight line
L2 connecting the radiation source position S2 and the
position D2 of the feature point. Any point P1 on the straight
line L1 and any point P2 on the straight line [.2 are expressed
by the following Expression (1) using the radiation source
positions S1 and S2 and the positions D1 and D2 of the
feature point. In Expression (1), t and s are parameters.

P1=(1-1)-S1+:D1

P2=(1-5)S2+sD2 M

Ideally, the feature point in the subject H detected in the
first and second radiographic images G1 and G2 is located
at an intersection point between the point P1 on the straight
line L1 and the point P2 on the straight line L2 in a
three-dimensional space. Therefore, in this embodiment, the
second positional information derivation unit 33 derives the
three-dimensional coordinates of a point, at which the dis-
tance between the point P1 and the point P2 is the minimum,
as second positional information P0(x0, y0, z0) which is the
three-dimensional positional information of the feature point
detected in the first and second radiographic images G1 and
(2, using the following Expression (2):

PO-min(P1-P2)? ).

In a case in which the insertion structure is the guide wire
53, the second positional information derivation unit 33
derives the three-dimensional coordinates of the leading end
53A of the guide wire 53 as the second positional informa-
tion. In a case in which the insertion structure is the screw
55, the second positional information derivation unit 33
derives the three-dimensional coordinates of the leading end
55A and the rear end 55B of the screw 55 as the second
positional information.

In a case in which the image acquisition unit 31 acquires
a radiographic image set including the first and second
radiographic images G1 and G2 at successive time points,
the second positional information derivation unit 33 derives
the second positional information PO using the first and
second radiographic images G1 and G2 included in the
acquired radiographic image set. Therefore, the time point
when the second positional information derivation unit 33
derives the second positional information P0 is a time point
T4 illustrated in FIG. 4.

Next, the first positional information derivation unit 30
will be described. The first positional information derivation
unit 30 captures the images of the subject H in two directions
and derives the three-dimensional positional information of
at least one target point of a target structure, which is a target
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during a medical procedure, in the subject H as the first
positional information. For example, in the case of a catheter
treatment for the abdominal aneurysm, first, an operation is
performed which expands the branch 51A after the stent 51
is inserted and inserts the guide wire 53 into the branch 51B.
Therefore, the first positional information derivation unit 30
derives the three-dimensional coordinates of the center
position of an end portion of the branch 51B of the stent 51
as the first positional information. The stent 51 is the target
structure according to the present disclosure and the center
position of the end portion of the branch 51B of the stent 51
is the target point according to the present disclosure. The
target point includes not only one pixel but also a region
having a certain area formed by a plurality of pixels. FIG. 9
is a diagram illustrating the capture of the images of the
subject H in two directions and FIG. 10 is a diagram
illustrating radiographic images acquired by the imaging in
two directions.

The C-arm 2 is moved to the state illustrated in FIG. 1 and
the imaging control unit 14 irradiates the subject H with
radiation in the direction of an arrow E1 illustrated in FIG.
9 to acquire a radiographic image GE1 illustrated in FIG. 10
in response to a command from the user. In addition, the
radiation emitting unit 4 is moved to the right side of the
subject H in FIG. 1 and the subject H is irradiated with
radiation in the direction of an arrow E2 to acquire a
radiographic image GE2 illustrated in FIG. 10. The radio-
graphic images GE1 and GE2 include the image of the stent
51. The coordinates of the center positions of the radio-
graphic images GE1 and GE2 are known since they are
matched with the coordinates of the center position of the
detection surface 5A of the radiation detector 5. Therefore,
the first positional information derivation unit 30 derives the
three-dimensional coordinates of the center position of the
end portion of the branch 51B, into which the guide wire for
the stent 51 is to be inserted, in the radiographic images GE1
and GE2 as the first positional information which is the
three-dimensional positional information of the target point
in the same coordinate system as that in a case in which the
feature point is detected.

Here, the coordinate system is not limited to the same
coordinate system as that in a case in which the feature point
is detected. For example, a coordinate system having the
center position of the end portion of the branch 51B of the
stent 51 as the origin may be set.

In addition, the first positional information derivation unit
30 may direct the radiography apparatus 1 to perform
tomosynthesis imaging to generate a three-dimensional
image of a target part of the subject H and may derive the
first positional information from the three-dimensional
image acquired by the tomosynthesis imaging.

In the tomosynthesis imaging, while the C-arm 2 is being
rotated in the direction of the arrow A, one (here, the first
radiation source 6 A) of the first and second radiation sources
6A and 6B emits radiation at a plurality of radiation source
positions to capture the images of the subject H, thereby
acquiring a plurality of projection images. Then, the first
positional information derivation unit 30 reconstructs the
plurality of projection images using a back projection
method, such as a simple back projection method or a
filtered back projection method, to generate tomographic
images in a plurality of tomographic planes of the subject H.
Then, a three-dimensional image formed by the plurality of
tomographic images is generated.

The first positional information derivation unit 30 per-
forms coordinate transform such that the coordinate system
of the three-dimensional image is matched with the coordi-
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nate system of the feature point and derives the three-
dimensional coordinates of the center position of the end
portion of the branch 51B of the stent 51 as the first
positional information. In this case, a coordinate system
having the center position of the end portion of the branch
51B of the stent 51 as the origin may be set.

In addition, the first positional information derivation unit
30 may derive the first positional information from a three-
dimensional image which has been acquired in advance by,
for example, a CT apparatus and an MRI apparatus. In this
case, similarly to the three-dimensional image acquired by
the tomosynthesis imaging, the first positional information
derivation unit 30 may perform coordinate transform such
that the coordinate system of the three-dimensional image
which has been acquired in advance is matched with the
coordinate system of the feature point and may derive the
three-dimensional coordinates of the center position of the
end portion of the branch 51B of the stent 51 as the first
positional information. In this case, a coordinate system
having the center position of the end portion of the branch
51B of the stent 51 as the origin may be set.

In contrast, in a case in which lumbar spine fusion is
performed, the first positional information derivation unit 30
derives, as the first positional information, the three-dimen-
sional coordinates of an insertion position and an arrival
position in the lumbar spine which have been specified in
advance in the three-dimensional image of the subject H
acquired by the CT apparatus or the MRI apparatus before
a medical procedure. The lumbar spine is the target structure
according to the present disclosure and the insertion position
and the arrival position are the target points according to the
present disclosure. In this case, the first positional informa-
tion derivation unit 30 generates projection images GP1 and
GP2 obtained by projecting the three-dimensional image in
the direction of the arrow E1 and the direction of the arrow
E2 illustrated in FIG. 9, respectively. FIG. 11 is a diagram
illustrating the projection images in two directions. As
illustrated in FIG. 11, the projection image GP1 is a front
view of the lumbar spine of the subject H and the projection
image GP2 is a side view of the lumbar spine of the subject
H. Here, the insertion position and the arrival position of the
screw 55 are predetermined and set on the three-dimensional
image by an examination before a medical procedure. There-
fore, an insertion position PS and an arrival position PE are
specified in the projection images GP1 and GP2.

In addition, the first positional information derivation unit
30 captures the images of the subject H in the two directions
illustrated in FIG. 9 and acquires radiographic images GE11
and GE12 illustrated in FIG. 12. Then, the first positional
information derivation unit 30 matches the coordinate sys-
tem of the radiographic images GE11 and GE12 with the
coordinate system of the projection images GP1 and GP2
and specifies an insertion position PS1 and an arrival posi-
tion PE1 in the radiographic images GE11 and GE12. In this
case, it is preferable that the coordinate systems to be
matched with each other have the insertion position PS in the
projection images GP1 and GP2 as the origin. However, the
invention is not limited thereto. The coordinate system of the
radiographic images GE11 and GE12 may be matched with
a coordinate system having any point on the projection
images GP1 and GP2 as the origin or the coordinate system
of the projection images GP1 and GP2 may be matched with
the coordinate system of the radiographic images GE11 and
GE12.

The display control unit 34 displays a positional infor-
mation screen indicating the positional relationship between
the target point and the feature point on the user interface 16.
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FIG. 13 is a diagram illustrating a positional information
screen in a case in which a catheter treatment is performed.
As illustrated in FIG. 13, a positional information screen 60
has a radioscopic image display region 61 and a positional
relationship display region 62. The first radiographic image
G1 which is a portion of the radiographic image set is
sequentially displayed as a radioscopic image in the display
region 61. Therefore, the radioscopic images are displayed
as a moving image in the display region 61. In addition, the
second radiographic image G2 may be sequentially dis-
played as the radioscopic image in the display region 61.

Here, the first positional information derivation unit 30
derives the three-dimensional coordinates of the center
position of the branch 51B of the stent 51 as the first
positional information and the second positional information
derivation unit 33 derives the three-dimensional coordinates
of the leading end 53A of the guide wire 53 as the second
positional information P0. In addition, the diameter of the
branch 51B of the stent 51 is known. Therefore, the display
control unit 34 generates a stent image GT0 schematically
indicating the shape of the branch 51B of the stent 51 and
displays the stent image GTO0 in the positional relationship
display region 62. The stent image GTO is an image as the
end portion of the branch 51B of the stent 51 is viewed from
the direction of the central axis. Further, the display control
unit 34 displays a mark M0 indicating the position of the
leading end 53 A of the guide wire 53 in the display region
62. In this case, the display control unit 34 matches the
positional relationship between the mark M0 and the stent
image GTO with the positional relationship between the
leading end 53 A of the guide wire 53 and the center position
of the branch 51B of the stent 51 on the basis of the first
positional information and the second positional information
P0. Here, the position of the leading end 53 A of the guide
wire 53 is acquired in three-dimensional coordinates. There-
fore, the mark M0 indicates the position of the leading end
53A of the guide wire 53 in the image in which the branch
51B of the stent 51 is viewed from the direction of the
central axis.

The user performs an operation of inserting the guide wire
53 into the body of the subject H while viewing the
positional information screen 60 such that the mark MO is
located in a circle indicating the end portion of the branch
51B in the stent image GT0. Here, the positional relationship
between the stent image GT0 and the mark M0 illustrated in
FIG. 13 indicates that the leading end 53 A of the guide wire
53 is separated from the end portion of the branch 51B of'the
stent 51. While viewing the positional information screen
60, the user can adjust the position of the guide wire 53
inserted into the subject H such that the mark M0 is located
in the stent image GTO0. Therefore, it is possible to reduce
errors in the insertion of the guide wire 53 into the stent 51
as illustrated in FIG. 6.

The notification unit 35 notifies that the feature point has
reached the target point. Specifically, the notification unit 35
notifies that the guide wire 53 has reached the center position
of the branch 51B of the stent 51 and has been inserted into
the branch 51B through the user interface 16. The notifica-
tion may be performed by text display or sound. Further,
both display and sound may be used for the notification.

Further, the sound may be changed according to the
distance between the leading end 53 A of the guide wire 53
and the center position of the branch 51B. For example, a
beep sound may be intermittently output as the sound and
the interval between the beep sounds may become shorter as
the leading end 53 A of the guide wire 53 becomes closer to
the center position of the branch 51B. In addition, the sound
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may be changed in a case in which the leading end 53A of
the guide wire 53 is inserted into the branch 51B.

In a case in which the leading end 53 A of the guide wire
53 passes through the end portion of the branch 51B without
being inserted into the branch 51B or the distance between
the leading end 53A of the guide wire 53 and the center
position of the branch 51B is equal to or greater than a
predetermined threshold value, the notification unit 35 may
issue a warning indicating the fact through the user interface
16.

FIG. 14 illustrates a positional information screen in a
case in which lumbar spine fusion is performed. As illus-
trated in FIG. 14, a positional information screen 70 has a
radioscopic image display region 71 and a positional rela-
tionship display region 72. The first radiographic image G1
which is a portion of the radiographic image set and is
obtained by capturing the image of the lumbar spine from
the side is sequentially displayed in the display region 71.
Therefore, the radioscopic images are displayed as a moving
image in the display region 71. The first radiographic image
G1 includes an image of the screw 55. Further, the second
radiographic image G2 may be sequentially displayed as a
radioscopic image in the display region 71.

Here, the first positional information derivation unit 30
derives the three-dimensional coordinates of the insertion
position PS and the arrival position PE of the screw 55 in the
lumbar spine as the first positional information. The second
positional information derivation unit 33 derives the three-
dimensional coordinates of the leading end 55A and the rear
end 55B of the screw 55 as the second positional information
P0. Therefore, the display control unit 34 generates a tomo-
graphic image GDO0 of the lumbar spine into which the screw
55 is inserted, using the three-dimensional image of the
subject H which has been acquired in advance, and displays
the generated tomographic image GDO in the positional
relationship display region 72. The tomographic image GD0
of the lumbar spine displayed in the display region 72
indicates an axial cross section.

The display control unit 34 displays a mark M1 obtained
by projecting the screw 55 derived by the second positional
information derivation unit 33 onto the tomographic plane of
the tomographic image GDO0 in the positional relationship
display region 72. In this case, the display control unit 34
matches the positional relationship between a leading end
and a rear end of the mark M1 and the insertion position PS
and the arrival position PE on the tomographic image GD0
with the positional relationship between the leading end 55A
and the rear end 55B of the screw 55 and the insertion
position PS and the arrival position PE on the three-dimen-
sional image on the basis of the first positional information
and the second positional information P0. Further, the dis-
play control unit 34 displays the remaining distance from the
leading end 55A of the screw 55 derived by the second
positional information derivation unit 33 to the insertion
position PS derived by the first positional information deri-
vation unit 30 in an information display region 74 until the
screw 55 reaches the insertion position PS. The notification
unit 35 may display the information display region 74. In
this embodiment, since the coordinate system having the
insertion position PS as the origin is also set for the
radiographic images G1 and G2, it is possible to derive the
distance from the current position of the leading end 55A of
the screw 55 from the origin as the remaining distance from
the leading end 55A of the screw 55 to the insertion position
PS.

Further, the display control unit 34 derives an angle
(referred to as a first angle) of the axis of the screw 55 with
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respect to the axial cross section from the positions of the
leading end 55A and the rear end 55B of the screw 55
derived by the second positional information derivation unit
33. In addition, an angle (referred to as a second angle) at
which the screw 55 is to be inserted is derived from the
insertion position PS and the arrival position PE derived by
the first positional information derivation unit 30. Then, the
difference of the first angle from the second angle is derived
and the derived angle is displayed in the information display
region 74. In FIG. 14, a remaining distance of 10 mm and
an angle of 0 degrees are displayed. The angle of 0 degrees
indicates that the angle at which the screw 55 is inserted is
matched with the angle formed by the insertion position PS
and the arrival position PE. After the screw 55 is inserted
into the lumbar spine from the insertion position PS, the
remaining distance from the leading end 55A of the screw 55
to the arrival position PE may be displayed in the informa-
tion display region 74.

The notification unit 35 may issue a warning in a case in
which the leading end 55A of the screw 55 is at a position
that is separated from the insertion position PS by a prede-
termined threshold value or more. Further, in a case in which
the angle of the screw 55 is greater than a predetermined
threshold value (for example, 10 degrees), the display con-
trol unit 34 may issue a warning.

The user can insert the screw 55 into the body of the
subject H such that the screw 55 is inserted into the lumbar
spine from the insertion position PS while viewing the
display of the tomographic image GDO, the mark M1, and
the information display region 74. In addition, the user can
insert the screw 55 into the lumbar spine of the subject H
such that the inserted screw 55 correctly reaches the arrival
position PE.

Even in the case of lumbar spine fusion, the notification
unit 35 may notify that the leading end 55A of the screw 55
has reached the insertion position PS and the leading end
55A of the screw 55 has reached the arrival position PE
through the user interface 16. In addition, the notification
may be performed in a case in which the angle of the screw
55 is matched with the angle at which the screw 55 is to be
inserted. The notification may be performed by text display
or sound. Further, both display and sound may be used.

Further, the sound may be changed according to the
distance between the leading end 55A of the screw 55 and
the insertion position PS and the arrival position PE. For
example, a beep sound may be intermittently output as the
sound and the interval between the beep sounds may become
shorter as the leading end 55A of the screw 55 becomes
closer to the insertion position PS and the arrival position
PE. In addition, the sound may be changed in a case in which
the leading end 55A of the screw 55 reaches the insertion
position PS and the arrival position PE.

Next, a process performed in this embodiment will be
described. FIG. 15 is a flowchart illustrating the process
performed in this embodiment. First, the first positional
information derivation unit 30 derives the three-dimensional
positional information of at least one target point of a target
structure in the subject H as the first positional information
(Step ST1).

Then, the user inputs an imaging start command through
the user interface 16 to start the capture of the image of the
subject H and the image acquisition unit 31 acquires a set of
the first radiographic image G1 and the second radiographic
image G2 (the acquisition of a radiographic image set; Step
ST2). In a case in which the set of the first radiographic
image (G1 and the second radiographic image G2 is acquired,
the feature point detection unit 32 detects at least one
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common feature point from the first and second radiographic
images G1 and G2 (Step ST3). Then, the second positional
information derivation unit 33 derives the three-dimensional
positional information of at least one feature point in the
subject H as the second positional information, using the
positional relationship between the position of at least one
feature point detected from each of the first and second
radiographic images G1 and G2 on the detection surface 5A
of the radiation detector 5 and the positions of the first and
second radiation sources 6A and 6B (Step ST4).

The display control unit 34 displays a positional infor-
mation screen on the user interface 16 (Step ST5). The
process returns to Step ST2. The process from Step ST2 to
Step ST5 is repeatedly performed until a process end com-
mand is issued.

As such, in this embodiment, the first positional informa-
tion of at least one target point of the target structure in the
subject H is derived and the three-dimensional second
positional information of at least one feature point on the
insertion structure inserted to the target structure in the
subject H is derived. Then, a positional information screen
indicating the positional relationship between the target
point and the feature point is displayed on the user interface
16. Therefore, it is possible to display the positional rela-
tionship between the target point and the feature point with
a smaller amount of calculation than that in a case in which
the positions of the images are aligned. As a result, accord-
ing to this embodiment, it is possible to understand the
positional relationship between the target structure and the
insertion structure in the subject H in real time.

In the above-described embodiment, the first radiographic
image G1 and the second radiographic image G2 are alter-
nately acquired. However, the invention is not limited
thereto. As illustrated in FIG. 16, one second radiographic
image G2 may be acquired for every several frames of the
first radiographic images G1. In FIG. 16, the second radio-
graphic image G2 is acquired once while four frames of the
first radiographic images G1 are acquired. In this case, the
derivation of the positional information is performed once
while four frames of the first radiographic images G1 are
acquired.

In the above-described embodiment, in a case in which a
catheter treatment is performed, the first positional informa-
tion derivation unit 30 derives the three-dimensional coor-
dinates of the center position of the branch 51B of the stent
51 as the first positional information from the radiographic
images GE1 and GE2 or the three-dimensional image of the
subject H. However, the invention is not limited thereto. The
feature point detection unit 32 may detect the center position
of the branch 51B of the stent 51 as the target point from the
first and second radiographic images G1 and G2 and the first
positional information derivation unit 30 may perform the
same process as the second positional information derivation
unit 33 to derive the three-dimensional coordinates of the
center position of the branch 51B as the first positional
information on the basis of the target point detected by the
feature point detection unit 32.

In the above-described embodiment, the first positional
information derivation unit 30 derives the three-dimensional
positional information of the target point of the target
structure as the first positional information from, for
example, the radiographic images GE1 and GE2 and the
projection images GP1 and GP2 generated from and the
three-dimensional image of the subject H. However, the
invention is not limited thereto. For example, the radio-
graphic images GE1 and GE2 may be displayed on the user
interface 16 and the first positional information may be
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derived in response to a command to set a target point on the
displayed images which is received from the user.

In the above-described embodiment, radiation is not par-
ticularly limited and rays other than X-rays, such as a-rays
or y-rays, may be applied.

In the above-described embodiment, in a case in which a
catheter treatment and lumbar spine fusion are performed,
the positional information display device and the radiogra-
phy apparatus according to the present disclosure are
applied. However, the invention is not limited thereto. The
present disclosure may be applied to any medical procedure
using a radioscopic image.

In the above-described embodiment, the first and second
radiation sources 6A and 6B are arranged in the y-axis
direction illustrated in FIG. 1 in the radiation emitting unit
4. However, the first and second radiation sources 6 A and 6B
may be arranged in the x-axis direction.

In the above-described embodiment, the radiation emit-
ting unit 4 includes the two radiation sources 6A and 6B.
However, the invention is not limited thereto. The radiation
emitting unit 4 may include three or more radiation sources.
In this case, the positional information may be derived using
aplurality of radiographic images acquired by irradiating the
subject H with radiation emitted from three or more radia-
tion sources. Specifically, the positional information may be
derived using a combination of two radiographic images
generated by radiation emitted from two radiation sources
among three or more radiation sources.

In the above-described embodiment, for example, the
following various processors can be used as the hardware
structure of processing units performing various processes,
such as the first positional information derivation unit 30, the
image acquisition unit 31, the feature point detection unit 32,
the second positional information derivation unit 33, the
display control unit 34, and the notification unit 35. The
various processors include a CPU which is a general-
purpose processor executing software (program) to function
as various processing units, a programmable logic device
(PLD), such as a field programmable gate array (FPGA),
which is a processor whose circuit configuration can be
changed after manufacture, and a dedicated electric circuit,
such as an application specific integrated circuit (ASIC),
which is a processor having a dedicated circuit configuration
designed to perform a specific process.

One processing unit may be configured by one of the
various processors or a combination of two or more proces-
sors of the same type or different types (for example, a
combination of a plurality of FPGAs or a combination of a
CPU and an FPGA). In addition, a plurality of processing
units may be configured by one processor.

A first example of the configuration in which a plurality
of processing units are configured by one processor is an
aspect in which one processor is configured by a combina-
tion of one or more CPUs and software and functions as a
plurality of processing units. A representative example of
this aspect is a client computer or a server computer. A
second example of the configuration is an aspect in which a
processor that implements the functions of the entire system
including a plurality of processing units using one integrated
circuit (IC) chip is used. A representative example of this
aspect is a system-on-chip (SoC). As such, various process-
ing units are configured by using one or more of the various
processors as a hardware structure.

In addition, specifically, an electric circuit (circuitry)
obtained by combining circuit elements, such as semicon-
ductor elements, can be used as the hardware structure of the
various processors.



US 11,801,019 B2

19

What is claimed is:

1. A positional information display device comprising:

at least one processor configured to:

derive three-dimensional positional information of at

least one target point of a target structure in a subject
as first positional information, according to two-
dimensional positional information of the at least one
target point, based on a plurality of source image
distances, wherein each of the plurality of source

5

image distances is a distance between a detection 10

surface of a radiation detector and each of a plurality
of radiation sources, and the radiation detector com-
prises a flat panel detector comprising the detection
surface,

wherein the plurality of radiation sources comprises a
first radiation source and a second radiation source,
the first radiation source and the second radiation
source are arranged side by side in a first direction,
and a first radiation and a second radiation in a
second direction perpendicular to the first direction
are emitted respectively from the first radiation
source and the second radiation source;

derive three-dimensional positional information of at
least one feature point on an insertion structure
inserted to the target structure in the subject as
second positional information, according to two-
dimensional positional information of the at least one
feature point, based on the plurality of source image
distances;

display a positional information screen indicating a
positional relationship between the at least one target
point and the at least one feature point on a display;

acquire a radiographic image set including a plurality
of radiographic images, which have been generated
by alternately irradiating the subject with radiation
emitted from the plurality of radiation sources pro-
vided at different positions and alternately detecting
the radiation transmitted through the subject using
the radiation detector, at a predetermined time inter-
val, wherein the different positions comprises a first
radiation source position of the first radiation source
and a second radiation source position of the second
radiation source;

detect the at least one feature point on the insertion
structure inserted to the target structure in the subject
from each of the plurality of radiographic images
included in the radiographic image set; and

derive the second positional information using a posi-
tional relationship between a position of the at least
one feature point detected from each of the plurality
of radiographic images on the detection surface of
the radiation detector and positions of the plurality of
radiation sources.

2. The positional information display device according to
claim 1, wherein the at least one processor further is
configured to display the positional information screen
including a radiographic image display region in which
some of the plurality of radiographic images are displayed
and a positional relationship display region in which the
positional relationship is displayed on the display.

3. The positional information display device according to
claim 1, wherein the at least one processor further is
configured to provide a display signal or a sound signal that
the at least one feature point has reached the at least one
target point.

4. The positional information display device according to
claim 3, wherein the at least one processor further is
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configured to issue a warning in a case in which the at least
one feature point deviates from the at least one target point
by a predetermined distance or a predetermined angle.
5. The positional information display device according to
claim 1,
wherein the insertion structure is a surgical instrument
that is inserted into the subject.
6. The positional information display device according to
claim 1,
wherein the target structure is a stent that is inserted into
a blood vessel of the subject,
the at least one target point is a center position of an end
portion of the stent,
the insertion structure is a guide wire for expanding the
stent, and
the at least one feature point is a leading end of the guide
wire.
7. The positional information display device according to
claim 1,
wherein the target structure is a lumbar spine of the
subject,
the at least one target point is at least one of an insertion
position or an arrival position of a screw that is inserted
into the lumbar spine,
the insertion structure is the screw, and
the at least one feature point is at least one of a leading end
or a rear end of the screw.
8. A radiography apparatus comprising:
a plurality of radiation sources that are provided at a
predetermined interval;
a positional information display device according to claim
1
a radiation detector configured to be arranged towards the
plurality of radiation sources, the radiation detector
being configured to detect radiation, which has been
emitted from each of the plurality of radiation sources
and transmitted through a subject to generate a radio-
graphic image of the subject; and
at least one processor configured to generate a radio-
graphic image set including a plurality of radiographic
images at a predetermined time interval by controlling
a time point when each of the plurality of radiation
sources emits the radiation and a time point when the
radiation detector detects the radiation transmitted
through the subject such that the plurality of radiation
sources alternately irradiate the subject with the radia-
tion and the radiation detector alternately detects the
radiation transmitted through the subject.
9. The radiography apparatus according to claim 8,
wherein the plurality of radiation sources comprises two
radiation sources.
10. The radiography apparatus according to claim 9,
wherein the at least one processor is further configured to:
direct one of the two radiation sources to sequentially
emit radiation at a first time interval, direct the other
radiation source to sequentially emit radiation at a
second time interval equal to or longer than the first
time interval, and control the radiation detector so as
to detect the radiation at all time points when the two
radiation sources emit the radiation, and
acquire, as the radiographic image set, two radio-
graphic images generated by detecting two tempo-
rally adjacent radiation using the radiation detector,
the two temporally adjacent radiation having been
emitted from the two radiation sources.
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11. A positional information display method comprising:

deriving three-dimensional positional information of at
least one target point of a target structure in a subject
as first positional information, according to two-dimen-
sional positional information of the at least one target
point, based on a plurality of source image distances,
wherein each of the plurality of source image distances
is a distance between a detection surface of a radiation
detector and each of a plurality of radiation sources,
and the radiation detector comprises a flat panel detec-
tor comprising the detection surface,

wherein the plurality of radiation sources comprises a first
radiation source and a second radiation source, the first
radiation source and the second radiation are arranged
side by side in a first direction, and a first radiation and
a second radiation in a second direction perpendicular
to the first direction are emitted respectively from the
first radiation source and the second radiation source;

deriving three-dimensional positional information of at
least one feature point on an insertion structure inserted
to the target structure in the subject as second positional
information, according to two-dimensional positional
information of the at least one feature point, based on
the plurality of source image distances;

displaying a positional information screen indicating a
positional relationship between the at least one target
point and the at least one feature point on a display;

acquiring a radiographic image set including a plurality of
radiographic images, which have been generated by
alternately irradiating the subject with radiation emitted
from the plurality of radiation sources provided at
different positions and alternately detecting the radia-
tion transmitted through the subject using the radiation
detector, at a predetermined time interval, wherein the
different positions comprises a first radiation source
position of the first radiation source and a second
radiation source position of the second radiation
source;

detecting the at least one feature point on the insertion
structure inserted to the target structure in the subject
from each of the plurality of radiographic images
included in the radiographic image set; and

deriving the second positional information using a posi-
tional relationship between a position of the at least one
feature point detected from each of the plurality of
radiographic images on the detection surface of the
radiation detector and positions of the plurality of
radiation sources.

12. A non-transitory computer-readable storage medium

that stores a positional information display program that
causes a computer to perform:

a step of deriving three-dimensional positional informa-
tion of at least one target point of a target structure in
a subject as first positional information, according to
two-dimensional positional information of the at least
one target point, based on a plurality of source image
distances, wherein each of the plurality of source image
distances is a distance between a detection surface of a
radiation detector and each of a plurality of radiation
sources, and the radiation detector comprises a flat
panel detector comprising the detection surface,

wherein the plurality of radiation sources comprises a first
radiation source and a second radiation source, the first
radiation source and the second radiation source are
arranged side by side in a first direction, and a first
radiation and a second radiation in a second direction
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perpendicular to the first direction are emitted respec-
tively from the first radiation source and the second
radiation source;
a step of deriving three-dimensional positional informa-
tion of at least one feature point on an insertion
structure inserted to the target structure in the subject as
second positional information, according to two-di-
mensional positional information of the at least one
feature point, based on the plurality of source image
distances;
a step of displaying a positional information screen indi-
cating a positional relationship between the at least one
target point and the at least one feature point on a
display;
a step of acquiring a radiographic image set including a
plurality of radiographic images, which have been
generated by alternately irradiating the subject with
radiation emitted from the plurality of radiation sources
provided at different positions and alternately detecting
the radiation transmitted through the subject using the
radiation detector, at a predetermined time interval,
wherein the different positions comprises a first radia-
tion source position of the first radiation source and a
second radiation source position of the second radiation
source;
a step of detecting the at least one feature point on the
insertion structure inserted to the target structure in the
subject from each of the plurality of radiographic
images included in the radiographic image set; and,
a step of deriving the second positional information using
a positional relationship between a position of the at
least one feature point detected from each of the
plurality of radiographic images on the detection sur-
face of the radiation detector and positions of the
plurality of radiation sources.
13. A positional information display device comprising:
at least one processor configured to:
derive three-dimensional positional information of at
least one target point of a target structure in a subject
as first positional information;

acquire a radiographic image set including a plurality
of radiographic images, which have been generated
by alternately irradiating the subject with radiation
emitted from a plurality of radiation sources pro-
vided at different positions and alternately detecting
the radiation transmitted through the subject using a
radiation detector, at a predetermined time interval;

detect at least one feature point on an insertion structure
inserted to the target structure in the subject from
each of the plurality of radiographic images included
in the radiographic image set by using a learned
model, which has been trained so as to detect the at
least one feature point from the plurality of radio-
graphic images;

derive, as second positional information, three-dimen-
sional positional information of the at least one
feature point using a positional relationship between
a position of the at least one feature point detected
from each of the plurality of radiographic images on
a detection surface of the radiation detector and
positions of the plurality of radiation sources; and

display a positional information screen indicating a
positional relationship between the at least one target
point and the at least one feature point on a display.

14. The positional information display device according

to claim 13, wherein the processor further configured to:
display the positional information screen including a radio-
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graphic image display region in which some of the plurality
of radiographic images are displayed and a positional rela-
tionship display region in which the positional relationship
is displayed on the display.

15. The positional information display device according
to claim 13, wherein the processor further configured to:

notify that the at least one feature point has reached the at

least one target point.

16. The positional information display device according
to claim 15, wherein the processor further configured to:

issue a warning in a case in which the at least one feature

point deviates from the at least one target point by a
predetermined distance or a predetermined angle.

17. The positional information display device according
to claim 13, wherein the insertion structure is a surgical
instrument that is inserted into the subject.

18. The positional information display device according
to claim 13,

wherein the target structure is a stent that is inserted into

a blood vessel of the subject,

the at least one target point is a center position of an end

portion of the stent,

the insertion structure is a guide wire for expanding the

stent, and

the at least one feature point is a leading end of the guide

wire.

19. The positional information display device according
to claim 13,

wherein the target structure is a lumbar spine of the

subject,

the at least one target point is at least one of an insertion

position or an arrival position of a screw that is inserted
into the lumbar spine,

the insertion structure is the screw, and

the at least one feature point is at least one of a leading end

or a rear end of the screw.
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20. A radiography apparatus comprising:

a plurality of radiation sources that are provided at a

predetermined interval;
a positional information display device according to claim
14; and

a radiation detector configured to be arranged towards the
plurality of radiation sources, the radiation detector
being configured to detect radiation, which has been
emitted from each of the plurality of radiation sources
and transmitted through a subject to generate a radio-
graphic image of the subject, and

at least one processor configured to generate a radio-

graphic image set including a plurality of radiographic
images at a predetermined time interval by controlling
a time point when each of the plurality of radiation
sources emits the radiation and a time point when the
radiation detector detects the radiation transmitted
through the subject such that the plurality of radiation
sources alternately irradiate the subject with the radia-
tion and the radiation detector alternately detects the
radiation transmitted through the subject.

21. The radiography apparatus according to claim 20,
wherein the plurality of the radiation sources comprises two
radiation sources.

22. The radiography apparatus according to claim 21,
wherein the at least one processor is further configured to:

direct one of the two radiation sources to sequentially

emit radiation at a first time interval, direct the other
radiation source to sequentially emit radiation at a
second time interval equal to or longer than the first
time interval, and control the radiation detector so as to
detect the radiation at all time points when the two
radiation sources emit the radiation, and

acquire, as the radiographic image set, two radiographic

images generated by detecting two temporally adjacent
radiation using the radiation detector, the two tempo-
rally adjacent radiation having been emitted from the
two radiation sources.
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